Summary. We present an analysis of both weak and strong lines of Mn i with well-defined profiles in the solar photosphere, using the accurate oscillator strengths measured at Oxford. In an LTE analysis with the Holweger and Müller model solar atmosphere a manganese abundance of log A = 5.39 at a micro turbulence value of 0.85 km s -1 is found for the disc centre. Comparison of this result with the Oxford determination for the solar iron abundance shows an interesting discrepancy with the Fe/Mn ratio found in type Cl meteorites.
Introduction
In this study we present the results of a solar analysis of Mn i based on the previously published oscillator strengths and hyperfine structures (Booth et al 1983; Booth, Shallis & Wells 1983 ) measured at Oxford. This completes the Oxford investigation of Mm in the Sun since all the good solar lines accessible to the Oxford furnace technique have been measured.
The lines of Mm, unlike those of Fei and Til (Blackwell, Shallis & Simmons 1982; Blackwell, Booth & Petford 1983; Blackwell & Shallis 1979) , have not proved to be a useful diagnostic of solar photo spheric conditions so no attempt has been made to determine an accurate value for, for example, the solar microturbulence as has been done in previous papers. There are three principal reasons for this; (1) Mm lacks the large number of good solar lines of varying strength displayed by other species such as Fei, Til and Cn, (2) we have not so far been able to determine accurate Lorentzian broadening (damping) parameters, and (3) Mm lines are generally broader than those of other elements, due to their large hyperfine structure. They are therefore more likely to contain small blends making equivalent width measurements more uncertain.
Solar data
The data for this study are presented in Table 1 , where we have included line depth information. Younger et al (1978) , energy levels from Corliss & Sugar (1977) . Equivalent widths and central depths measured for solar disc centre from Delbouille et al (1973) . Damping parameters are half width at half height of Lorentzian broadening in angular frequency. Oscillator strengths from Booth eiß/. (1983 Equivalent widths were measured for the solar disc centre using the Solar Atlas of Delbouille, Roland & Neven (1973) . As in previous work we adopted a more realistic local continuum level which is lower than that of the atlas. We estimate that the uncertainty of the equivalent width measurements may vary from 2 per cent for strong lines to 5 per cent for weak lines, solely due to uncertainties in continuum placement and undetected weak blends. We have attempted to determine which lines are blended by inspection of the tables of Kurucz &Peytremann(1975) aswell as visual inspection of the line profiles. The detection of blends is more difficult in lines with large hyperfine structure due to their broadness and complicated profile. Lines were selected for well defined continuum positions and freedom from blends both in the wings and core.
Six lines are common to this work and that of Holweger (1967) . For these lines W (Oxford)-W(Holweger) has a mean of about 5 per cent and a standard deviation, a, ~ 2 per cent confirming the accuracy of our measurements.
Oscillator strengths were taken from the work of Booth et al (1983) whose relative values should be accurate to 2 per cent. The absolute scale based on life-time measurements is less certain but, from the errors quoted in the original life-time studies, it is suggested to be accurate to about 3 per cent for the excited state lines and 7 per cent for the ground state. Hyperfine structures are from Booth et al. (1983) .
Damping parameters for excited state lines are known to require enhancement over the simple Unsold values (e.g. see Gurtovenko & Kondrashova 1980) . We have been unable to find empirical enhancement factors by fitting profiles to strong lines, as has been successfully done by Simmons & Blackwell (1982) for Fei, as Mm does not possess sufficiently strong lines in the solar spectrum. In principle this method could be applied to a star where the Mm lines are stronger, e.g. a cool star such as Arcturus, but a precise determination of the stellar surface gravity is first necessary. Since enhancements are important for the bulk of our lines we have made an attempt to find reasonable values. This was done by taking over the Fei results of Simmons & Blackwell (1982) as an enhancement which is linearly dependent on excitation energy for lower levels of even parity. For odd parity levels we used a larger enhancement to account for the well known 'splitting of the curve of growth ' (e.g. Cayrel, Cayrel & Foy 1977) . Unfortunately enhancements for these odd parity levels are less certain as Simmons & Blackwell could only study one such level.
Analysis of
The analysis was performed in the manner described in previous publications (see e.g. Blackwell et al 1982 and references therein). Allowance was made for hyperfine structure by summing the line absorption coefficient over all components at each wavelength point and each depth point in the model atmosphere. The atmosphere of Holweger & Muller (1974) was used since this appears to give the most reliable results (Blackwell, Shallis & Simmons 1980) . Fig. 1 shows the results of this analysis as a plot of log abundance, A, against microturbulence (£). The point ofnarrowest intersection, excluding the ground state lines, although not well defined occurs at 5 ^ 0.85 km s" 1 , in good agreement with the value of 0.845 km s" 1 found for Fei by Blackwell et al (1983) . The lines fall naturally into three groups; the ground state (OeV) lines, those with lower excitation potentials between 2.1 eV and 2.4 eV (2eV lines), and those between 2.8 eV and 3.2 eV (3eV lines). This distinction is made in the figure. Abundances deduced for individual lines at £ = 0.85 km s" 1 are given in Table 1 . absolute scales of these two groups of oscillator strengths as they are based on different life time measurements (Booth et al 1983) . The difference between the mean of the 2eV plus 3 eV lines and the OeV lines is A log A = 0.06 dex, 15 per cent, (compared to 0.02 dex, 5 per cent, between the 2eV and 3 eV groups). This is comparable to the errors claimed for the two life-time measurements, in particular the scale of the OeV lines is somewhat uncertain. A better life-time for this group thus seems to be required. Another possibility is that our damping enhancements are inaccurate. Using unenhanced damping leaves the abundance of the OeV lines unchanged but raises the 2eV plus 3eV lines by 0.07dex. This is deceptive, however, since the point of minimum spread of abundance with microturbulence also changes. At £ = 0.85 km s _1 the mean of all lines gives log A = 5.39 (excluding the 0 eV lines lowers this to 5.38), with o = 0.03 (excluding the OeV lines). This value is insensitive to changes in microturbulence, d log A/d£ = 0.13 dexknf 1 s _1 . It is also insensitive to errors in the hyperfine structures; we estimate an uncertainty of 0.01 dex (Booth 1982) , comparable to the uncertainty in the oscillator strengths. The total effect of hyperfine structure is, in contrast, large. The change, A log A, in the analysis between excluding and including hyperfine structure ranges from 0.10 dex to 0.74 dex for the twelve lines considered here, with a mean of 0.27 dex. Note that our study includes lines that are normally considered to be weak, and hence negligibly affected by hyperfine structure, but whose log A values are in fact considerably altered. For example 525.533 with W = 3.9 pm has A log A = 0.13. Booth & Blackwell (1983) discuss this effect in detail. Table 2 shows recent determinations of the solar photospheric abundance of manganese. Note that our value is rather lower than the most recent estimates. This may be due to incomplete allowance for, or even complete neglect of, hyperfine structure by other workers, as well as to our use of more accurate oscillator strengths. The difference in our value and that of Blackwell, Collins & Petford (1972) is caused by differing sources for the absolute scale of the oscillator strengths, and in addition, an improvement in the calibration in the solar continuous opacity. Blackwell et al (1983) find a 'normal' solar abundance for iron of log A = 7.67 using the Holweger & Müller (1974) solar atmosphere. With this atmosphere we have obtained log A = 5.39 for manganese. This gives an Fe/Mn ratio in the solar photosphere of 195. In type I carbonaceous chondrite meteorites this ratio is found to be 89 (Cameron 1973 , Mason 1971 . This is a substantial discrepancy, and is more than the uncertainties in either the meteoritic or photospheric determinations, including the absolute scales of the oscillator strengths used. It is possible that type C i meteorites do not represent the protosolar elemental abundances. Alternatively, non-LTE in the Sun could be causing erroneous values of the iron or manganese abundances to be deduced from analysis of the first spectrum of these elements. This ioniza- Table 2 for Mn n, however.
Conclusion
The solar manganese abundance has been determined from the twelve best lines of Mm in the solar disc centre spectrum. The spread in results from individual lines is consistent with uncertainties in equivalent width measurements and damping enhancement factors, and to a lesser extent oscillator strength values and hyperfine structures. A major improvement in self consistency has been achieved over previous work, and further improvement is possible if more reliable damping parameters can be determined. A discrepancy between the ground state and excited state lines may be due to uncertainties in the absolute scales of the oscillator strengths used. A better life-time measurement for the ground state lines is required.
